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THERMAL TREATING STUDIES ON SEW ALUMINUM ALLOY 2021 

SUMMARY 

Mechanical property da t a  have been determined on shee t  and p l a t e  of 
t h i s  new aluminum a l l o y  i n  tempers produced by the  manufacturer and a f t e r  
var ious thermal treatments t h a t  might be  contemplated i n  a f a b r i c a t i n g  shop 
during manufacture of s t r u c t u r a l  par ts .  The a l l o y  develops high s t r e n g t h  
i n  the heat t r e a t e d  and aged temper. 
responsive t o  o the r  thermal and mechanical processing Conditions such t h a t  
s p e c i f i c  recormended procedures are es sen t i a l .  
procedures w i l l  be required i n  the  shop t o  assure  s a t i s f a c t o r y  processing 
and production of high performance s t ruc tures .  
a n t i c i p a t e d  i n  introducing t h i s  new, high s t rength ,  hea t  t r e a t a b l e  aluminum 
a l l o y  i n t o  a reputable  a i r c r a f t  o r  aerospace shop. 
i z a t i o n  tests should be expected t o  f i l l  i n  t he  learn ing  curve as with any 
new material. 
terms as a modified 2219-type having s t rengths  equivalent  t o  2014 bu t  improved 
we ldab i l i t y  and resistance t o  stress corrosion cracking. 
shows promise f o p  considerat ion f o r  use i n  high s t r eng th  s t ruc tu res .  

2021 i s  quench s e n s i t i v e  and is  

Spec i f i c  f a b r i c a t i n g  

No unusual problems are 

Some preliminary fami l ia r -  

This high-copper containing a l l o y  may be viewed i n  genera l  

Aluminum a l l o y  2021 

INTRODUCTION 

Aluminum Alloy 2021 was developed under NASA/MSFC Contract  NAS8-5452, 
"Development of a High Strength Aluminum Alloy, Readily Weldable i n  P l a t e  
Thicknesses, and Su i t ab le  f o r  Application at -423'F (20°K)". 
o f f e r s  a des i r ab le  combination of proper t ies  (Refs. 1, 2, 3 6 4) f o r  space 
veh ic l e  s t r u c t u r e s ,  i.e., s t r eng th  equivalent  to  2014-T6, about t h e  same 
cryogenic toughness, but with improved r e s i s t ance  to  stress corrosion cracking 
compared t o  2014-T6 and weldabi l i ty  similar t o  2219 with g r e a t e r  weld s t rength .  

The new a l l o y  

T h e  b a s i c  composition of 2021 i s  similar t o  2219 with small add i t ions  
of cadmium (Cd) and t i n  (SR). 
p rope r t i e s  above those f o r  2219 and a f f e c t  o the r  behavior c h a r a c t e r i s t i c s  
but apparent ly  do not degrade good weldabi l i ty .  
dependeat upon co ld  work p r i o r  t o  aging t o  develop maximum values ,  hence 
s t r eng ths  a t t a i n e d  a f t e r  complete heat t reatment  by the  use r  may be 
equiva len t  t o  those developed by t h e  manufacturer. 

These a l loy ing  elements increase  t e n s i l e  

Strengths  of 2021 are no t  



PURPOSE 

The purpose of t h e  work accomplished i n  MRtiT Division, a s  descr ibed 
i n  t h i s  report ,  was t o  determine mechanical p rope r t i e s  of t h e  new a l l o y  
i n  the annealed (-0) and heat t r e a t e d  (-T8E31)*tempers as produced by 
the  manufacturer and t o  determine response of t he  a l l o y  t o  var ious  thermal 
treatments that might be contemplated i n  a f a b r i c a t i n g  shop i n  applying 
the mater ia l  t o  s t r u c t u r a l  use. 

MATERIAL AND PROCEDURE 

Sheet and p l a t e  employed i n  t h i s  eva lua t ion  were samples from t h e  
f i r s t  l o t s  of material produced i n  t he  manufacturer 's  plant .  
da t a  were supplied by the  manufacturer (Alcoa) f o r  t hese  -0 and -T8E31* 
tempers respec t ive ly  (Table I). 
gages of sheet  and p l a t e  as received. 
consis ted of thermal treatment eva lua t ion  t o  determine the  response of t he  
material t o  var ious  thermal t reatments  over the  temperature range from 
so lu t ion  heat t r e a t i n g  on d m  t o  a r t i f i c i a l  aging o r  p r e c i p i t a t i o n  hea t  
treatment . 

Tens i le  t e a t  

MSFC performed t e n s i l e  tests on se l ec t ed  
The major po r t ion  of our work however 

RESULTS AND DISCUSSION 

Evaluation of thermal treatment response of 2021 aluminum a l l o y  shee t  
and p l a t e  show t h a t $  

1, Strengths  increase  w i t h  increas ing  s o l u t i o n  hea t  t r e a t i n q  
temuerature of 975 t o  995°F (797-808°K). Maximum s t r eng ths  developed were 
80 k s i  (56.2 kg/mnz) TS, 73 k s i  (51.3 kg/m2)  YS with 5% E l  f o r  shee t  
(-T62 Temper), 

(Manufacturer recommends a temperature of 985 t 10°F, 802 If; 5°K). 

2. 
f o r  .063" (.16 cm) and .125" (.32 cm) sheet and 2 hrs.  soak a t  985°F (802°K) 
f o r  .500" (1.27 cm) p l a t e  appear adequate on the  b a s i s  of mechanical 
propert ies .  

(Manufacturer recommends a minimum soaking t i m e  of 1 hr. and 2 hrs.  
respec t ive ly  f o r  these  gages). 

See Table I1 (IIa), Figure 1. 

Solut ion hea t  t r e a t i n g  time of 1 hour soak a t  985°F (802°K) 

See Table 111 (LIIa), Figures  3 & 4. 

* 
Now designated -T81 
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3. Strengths  decrease w i t h  decreasing quench rate i n  t h e  order:  
cold water, l i q u i d  n i t rogen  (LNz),  bo i l ing  water and fan cooled. 
Table I1 (IIa), Figure 2. 

See 

(Manufacturer recommends rapid quenching i n  cold water). 

4 .  Quench s e n s i t i v i t y  is grea te r  f o r  p l a t e  than f o r  sheet .  For 
the  LN2 quench, the  t e n s i l e  s t r eng th  of the  0.5" (1.27 cm) p l a t e x t h e  y i e ld  
s t r eng th  of t he  0.063" (0.16 cm) shee t ,  while f o r  cold water quench, t h e  
t e n s i l e  s t r e n g t h  of the  p l a t e  was higher than (>) the  y i e l d  s t r eng th  of 
the sheet .  See Table I1 ( I I a ) ,  Figure 2. 

5. Strengths  vary l i t t le  with a r t i f i c i a l  aging temperatures of 
315 t o  335°F (430 - 441°K) f o r  aging times of 16 t o  24 hours. 
(IIIa), Figure 5. 

See Table I11 

(Manufacturer recommends aging a t  325°F (436OK). 
depends on thickness ,  i.e., 16 hrs. f o r  .063" (.16 cm) and 24 hrs.  f o r  .SO" 
(1.27 cm) thick) .  

The t i m e  a t  temperature 

6. Reheating -T8E31 shee t  and p l a t e  a t  400°F (477°K) lowers s t r eng ths  
s l i g h t l y ,  however, increasing reheat ing temperaattre t o  750°F (672OK) followed 
by a i r  cool ing decreases  Strengths  progressively.  See Table I V  (IVa), Figures  6 & 7. 

7. Increasing reheat ing time from 5 min. t o  30 min. f o r  temperatures 
of 400 - 850'F (477 - 727"K), o r  up t o  2 hrs.  f o r  750°F (672"K), followed by 
a i r  cool ing  has a r e l a t i v e l y  minor e f f e c t  on f u r t h e r  decreasing s t r eng ths  of 
the o r i g i n a l  -T8E31 material. See Table I V  (IVa), Figures  6 & 7. 

8. Slow cool inq  i n  the  furnace t o  500°F (533OK) from reheat ing 
temperatures of 650 t o  850°F (616 - 727'K) appreciably lowers s t r eng ths  and 
increases  X elongat ion of o r i g i n a l  -T8E31 material. 
lowered more than y i e l d  s t rength.  

Tens i le  s t r eng th  w a s  
See Table I V  (IVa), Figures 6 & 7. 

9. Reheating -T8E31 temper material a t  750°F (672'K) f o r  2 hrs .  
followed by slow cool ing t o  500°F (533°K) r e s u l t s  i n  e s s e n t i a l l y  completely 
annealed s t rengths .  See Table I V  ( I V a ) ,  Figure 8. 

(Manufacturer recormnends ( fo r  complete annealing) heat ing a t  775°F (686°K) 
fer 2 - 3 hrs. and slow cooling a t  a r a t e  of about 50°F (30°K) per  hour down 
t o  500°F (533°K). This is  the  same annealing p r a c t i c e  used f o r  a l l o y s  2014, 
2024 and 2219.) 

10. Reheating -0 temper shee t  a t  temperatures of 400 = 550°F (477 - 
56l0K) had l i t t l e  e f f e c t  on s t rengths .  
650 - 850°F (616 - 727"K), r e s u l t  i n  increased s t r eng ths  when followed by a i r  
cool ing but l i t t l e  change i n  s t r eng th  when furnace cooled. 
Figure 9. 

Higher rehea t ing  temperatures, 

See Table I V  (IVa), 

3 



Variations in  the  high s t r eng ths  obtained from one heat  t r e a t i n g  
test t o  another (cf.  Tables X I  6 111) i n d i c a t e  t h a t  2021 a l l o y  material 
is  responsive t o  va r i ab le s  i n  handling and hence suggest t h a t  thennal 
processing should be c lose ly  cont ro l led  i n  order  t o  produce cons i s t en t  
s t r eng th  and o the r  propert ies .  

A rerun of the  quench rate evaluat ion test  (Table 11) shows reasonable 
consistency in  values  within the  test. 
,063" (.16 cm) shee t  compared wi th  the  previous test da t a  confirms the  
suspicion that  cold work introduced by f l a t t e n i n g  the  warpage a f t e r  quenching 
may adversely a f f e c t  elongation. The improved s t r eng ths  obtained i n  the  
rerun of slowly quenched .500" (1.27 cm) th i ck  p l a t e  i n d i c a t e  t h a t  c lose  
con t ro l  of processing can not iceably  inf luence  r e s u l t a n t  proper t ies .  
quench s e n s i t i v i t y  of a l l o y  2021 i s  r ead i ly  shown by the  s t r eng ths  p l o t t e d  
i n  Figure 2. 
behavior. 
appears to  be w e l l  founded f o r  a l l o y  2021. 

The improved e longat ion  f o r  t h e  

The 

Quench rate a l s o  would be  expected t o  inf luence  corrosion 
The manufacturer's recommendation of "rapid quenching i n  cold water" 

A r t i f i c i a l  aging a t  a temperature of 325'F 2 lO'F (436'K + 3'K) f o r  
per iods of 16 t o  24 hours produces r e l a t i v e l y  l i t t l e  variation-in s t r eng ths  
f o r  ,063" (.16 cm) sheet and .500" (1.27 cm) p l a t e .  As shown i n  Figure 5, 
the  t e n s i l e  s t r eng th  and elongat ion of sheet a r e  genera l ly  higher  than p l a t e  
while t he  y ie ld  s t r eng th  of t he  two gages may be comparable. 
s t r eng ths  may be r e l a t i v e l y  unaffected by these  v a r i a t i o n s  i n  aging, corrosion 
behavior might be r ead i ly  a f f ec t ed  by the  aging procedure employed. Generally 
i t  is recognized t h a t  overaging aluminum a l l o y s  i s  assoc ia ted  with improved 
corrosion behavior. Thus the  recommended thennal  treatment is usual ly  a 
compromise t o  provide a use fu l  combination of s t r eng ths ,  corrosion behavior 
and other desired c h a r a c t e r i s t i c s .  

Even though 

Cold work such as introduced by f l a t t e n i n g  o r  s t r e t c h i n g  between 
quenching and aging may a f f e c t  (lower) s t r e n g t h  and corrosion behavior of 
a l l o y  2021. A pre-aging treatment i s  employed i n  making the  -T81 temper. This 
might be considered i f  any thought is  given to  forming 2021 i n  the  "-W" temper 
s h o r t l y  a f t e r  quenching. 
d i scuss ion  concerning' intermediate cold work, preaging and aging and r e f e r  
d i r e c t l y  t o  the manufacturer f o r  t he  optimum p r a c t i c e  based on the  la tes t  
tests espec ia l ly  f o r  heavy gage material. 

Refer t o  Alcoa's Green Letter f o r  f u r t h e r  

CONCLUSIONS 

These i n i t i a l  tests show t h a t  t he  new aluminum a l l o y  2021: ( I )  develops 
h igh  s t rengths  i n  the  heat  t r e a t e d  and aged temper, (2) is s e n s i t i v e  t o  quench 
rate and other  processing condi t ions,  and (3) shows promise f o r  considerat ion 
f o r  use i n  high s t r eng th  s t r u c t u r a l  components. 

4 



RECOMMENDATIONS 

A1 loy 
and 

Temper 

The nBw aluminum alloy 2021 should be evaluated on a more comprehensive 
basis considering all aspects of fabrication in order to provide realistic 
data for actual use of the material. 

Room Temperature 1 -320°F (77°K) 400°F (477°K) 
TS YS El! TS YS El TS YS El 

D koi (kn/nrm x X ksi (kn/Jpl9 2) ksi (kn/nnn2) 2 

Consideration should be given to 2021 as a potential replacement for 
aluminum alloy 2014 OR the basis of improved weldability and improved 
resistance to stress corrosion cracking and for 2219 on the basis of improved 
strength as shown below f,or Various temperatures. 

2219-T87 
2014-T651 
2021-T81 

69 (48.5) 57 (40.1) 10 *83 (58.4) 61 (42.9) 15 34 (23.9) 25 (17.6) 20 
70 (49.2) 60 (42.2) 13 80 (56.2) 53 (37.3) 28 16 (11.2) 13 ( 9.1) 35 
73 (51.3) 63 (44.3) 9 91 (64.0) 75 (52.7) 10 32 (22.5) 28 (19.7) 23 

__ ~ 

* -T81 orig. 
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